The primary radiochemical contaminants, 239+240 Pu and 241 Am, were measured by alpha 1 0 7 spectroscopy (Canberra). Cations were measured by either ICP-AES or ICP-MS (Thermo) 1 0 8 depending on relative concentration. Anions were determined by ion chromatography 1 0 9 (Waters). Non-purgeable dissolved organic carbon (0.45 µm filtered) was measured on 1 1 0 freshly-collected replicate samples by combustion catalytic oxidation (Shimadzu). Dissolved ferrous iron (0.45 µm filtered) was preserved in the field with ammonium 1 1 2 acetate-buffered phenanthroline solution and measured by spectrophotometry (28). In field measurements of dissolved sulfide were attempted using methylene blue 1 1 4 colorimetry, but were consistently below detection limits (~1 µM) at all sampling time points. Concentration and DNA quality was evaluated with LabChip ® GX (PerkinElmer). Libraries were prepared with the TruSeq Nano DNA Library Preparation Kit and sequenced 1 2 4 in a NextSeq 500 (Illumina) with a 2×150 bp high output run. Output consisted of paired-end 1 2 5 reads with a median insert size of ~480 nt. Reads were deposited at the European Nucleotide Archive (PRJEB14718/ERG009353). groups were filtered and only those with at least two replicates from the same sampling time- The initial 220 mm rainfall event resulted in trenches filling to capacity and discharging 1 5 0 from the surface or porous near-surface (0-0.2 m) in the 'bathtub' mechanism described by 1 5 1
Payne et al (10) ( Figure S1 ). Despite the subsequent 47-day sampling period receiving a 1 5 2 further 72 mm of rainfall, which periodically increased trench water levels, an overall decline 1 5 3 in trench water levels was observed across the sampling period ( Figure S1 ).
5 4
Water quality parameters, including pH, E h , DO, EC and temperature are provided in 1 5 5 Figure 1 and Table 1 . Notable observations included an increase in pH (6.30 to 6.60) and a 1 5 6 corresponding decrease in E h (247 to 147 mV) between days 0 and 47. The concentrations of several elements showed marked changes over time ( and Table 1 ). Iron displayed one of the greatest variations in concentration, increasing from Nitrate concentrations doubled between days 0 and 6 (from 0.24 to 0.55 µM) after which they 1 7 2 decreased to below detection limits at days 21 and 47 ( Figure 2 ). The total (unfiltered) 241 Am activity increased from 15.7 to 27.8 Bq/L (1.8-fold 1 7 4 increase) while the soluble (filtered) fraction increased 3.4-times (7.2 to 24.7 Bq/L) between 1 7 5 days 0 and 47 ( Figure 3 ). Although the activity of the total 239+240 Pu showed a proportionally 1 7 6 smaller increase than 241 Am across the sampling period, from 30.4 to 45.6 Bq/L (1.5 times), Euryarchaeota (Figure 4 ). Although the fraction of TACK decreased over time from 24.8% 37.2% of all Archaea. These changes were derived mainly from variations in the SAGMA-X 37) and, in Bathyarchaeota (MCG), which includes the only potential non-euryarchaeal 1 9 7 methanogens (37, 38) and/or one of the few acetogenic Archaea (39). The increase in total 1 9 8
Archaea abundance over time was related to changes to and ANME-2d, Methanoregulaceae 1 9 9
and Methanosaetaceae families, implicated in methane metabolism (40-42) as well as the 2 0 0
Micrarchaeota and Parvarchaeota phyla. Only 8 bacterial phyla grouped more than 5% of the total bacterial reads at any one phylum, showed a conspicuous increase, mainly due to Betaproteobacteria, comprising 2 0 9
48.7% of all classified reads at day 4. The order Burkholderiales was identified as being 2 1 0 primarily responsible for this change (42.6% of total), esp. the genus Ralstonia (20.3%) 2 1 1 10 within Oxalobacteraceae (34.0%). These bacteria were also responsible for the altered 2 1 2 functional profile observed at day 4. reassurance with regards to the aggregate nature of these water samples, often neglected in 2 1 7 similar studies. (CYTOCHROME-C-OXIDASE-RXN, EC:1.9.3.1, Figure 5A ), quinol-cytochrome-c Catalase (CATAL-RXN, EC:1.11.1.6/21, see Reactive oxygen species detoxification in SI) 2 2 7 gene relative abundance was highest at day 4 along with several ABC transporters and 2 2 8
phosphotransferases, e.g. D-ribopyranose, D-xylose, spermidine or L-arginine, as well as 2 2 9 assimilatory sulfur and nitrogen pathway RXNs (refer to SI for details). The higher relative 2 3 0 abundances of all these genes at day 4 suggest a metabolism more dependent on oxygen, i.e. With regard to the latter mechanism, the results suggest that soil particles and 2 3 5 11 associated organo-chemicals were leached from material above the trenches during and 2 3 6
immediately after rainfall. This was evidenced by the increased proportion of soil-associated 2 3 7
Actinobacteria at day 0, which diminished to 0.71% by day 4 (Figure 4 ). Furthermore, the off provision of chitin, matching the leaching hypothesis ( Figure S2 ).
4 1
The other primary biopolymer found in soil is cellulose (44). The relative abundance of 2 4 2 cellulase (RXN-2043, EC:3.2.1.4) showed no significant differences between days 0, 21 and 2 4 3 47 (p = 0.172) suggesting a consistent supply of cellulose ( Figure 5B ). The exception, noted (particularly cellulose-based) compounds were co-disposed of in the LFLS trenches (11).
4 7
This hypothesis accords with previous stable isotope measurements, which identified the values measured near the trench (11). Lignin is present to a lesser or greater extent in all plant biomass. From the list of genes for proteins capable of lignin degradation strengthens the hypothesis that trench waste 2 5 5 material is the source of cellulosic material rather than being derived from the degradation of 2 5 6 plant material from the topsoil. The two fundamental genes representing the glyoxylate pathway, isocitrate lyase discounted due to the near complete absence of ANME taxa (Archaea) aside from ANME-2d, 3 0 3 and NC10 (Bacteria) (see Nitrogen cycling) (42, 51, 56, 57) . (NITROGENASE-RXN, EC:1.18.6.1) was the most predominant N-associated RXN. All The inorganic nitrogen cycling results provide important information regarding the 3 2 0
transition from aerobic to anaerobic conditions as the water level declines. The competing 3 2 1 requirements of nitrate respiration, which necessitates oxygen-limiting conditions at a 3 2 2 minimum (61), and NO dioxygenase needing molecular oxygen, collectively suggest that at 3 2 3 day 4 the trench waters were no longer aerobic, but more likely microaerophilic/hypoxic. However, many facultative anaerobes are capable of using nitrate as an alternate electron 3 2 5
acceptor when oxygen is not available. As such, the high relative abundance of nitrate community was due to a sampling regime in which the solid-phase is largely excluded.
3 3 8
However, the genes associated with RXNs specific to the Fe(II) oxidation pathway (via (CYTOCHROME-C-OXIDASE-RXN) respectively, particularly when analysing short reads. cycling have shown they frequently lack 'typical' Fe(III)-respiring bacteria (65) previously observed to occur in the presence of crystalline Fe(III) oxyhydroxides that 3 5 2 partially re-oxidise sulfide generated by SRB to elemental sulfur (67). This mechanism dissolved organic matter and silica (70). Furthermore, the abiotic reduction of crystalline Fe(III) oxyhydroxides would severely limit the energy acquisition by FeRB and therefore the suggest the existence of transient microaerophilic iron oxidising activity in the trench water. 
Synthesis of trench processes and radiochemical mobilisation implications
The biogeochemistry of this dynamic system is conceptually described by the elemental reactive Fe(III) oxyhydroxides ferrihydrite and silica-ferrihydrite, along with the more 3 9 1 crystalline oxyhydroxide lepidocrocite, as has previously been observed in these trench 3 9 2 waters (34). As both Am(III) and Pu(III)/(IV) are known to strongly sorb to sediments and 3 9 3 iron oxides (14), it is of little surprise to observe the greatest proportions of (suspended) 3 9 4
solid-associated actinides at this time point (day 0, Figure 3 ). Note that even though the 3 9 5 majority of Am (54.3%) and particularly Pu (78.8%) were associated with a solid-fraction 3 9 6
>0.45 µm, they were still extracted from the trench under our low-flow sampling method. This finding implies that colloid-associated Pu, and to a lesser extent Am, remains mobile 3 9 8
within the trench waters, congruent with observations from other legacy radioactive waste groundwater has been shown to be much smaller (~1 order of magnitude less) compared to 4 0 1 other legacy locations such as the Nevada Test Site (76), Rocky Flats (77) and Mayak (78).
0 2
We attribute this to a low permeability soil matrix, inhibiting downward migration to the is maintained, it is also the time-point at which nitrogen cycling (e.g. nitrate respiration) 4 1 3 becomes most active (Figure 6; ) . Therefore, day 4 represents a potential transition away 4 1 4 from oxic conditions derived from rain infiltration, though this sequence of events is 4 1 5
somewhat confounded by the microbial growth lag phase associated with aerobic respirators. Over the following weeks (days 21 and 47), the microbial community transitions to a 4 1 7
functional profile dominated by carbon fixation, methanogenesis and sulfate respiration In the case of Am, although the total activity increased gradually as the water level in the 4 2 1 trench declined, the soluble fraction increased by a greater proportion (Figure 3 ). This The Pu behaviour in the trenches presents a more complex temporal dynamic due, in 4 2 6 part, to its more varied redox chemistry. As conditions become more reducing over time, one response of the microbial community to dynamic redox conditions and the potential impact 
